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The Problem
Experimental studies of the development of the nervous system
have provided a limited number of clues to the factors responsible
for its organization. In a recent review of the literature, Detwiler10
has summarized the pertinent facts, which seem to fall rather
naturally into four classifications. In the first of these the numer-
ous findings of Spemann and his associates may be placed. These
point to the presence in early development of an agent known as
the organizer. Under rigorously controlled conditions this seems
to serve as an initiator of the development of the nervous system.
Residing normally in the dorsal lip of the blastopore, this agent is
capable of producing definitive neural tissue from non-neural ecto-
derm. This material, living or dead, seems equally potent and
may be related to chemical substances akin to carcinogenic agents.
Closely related to the action of the organizer is the induction of
development by neighboring structures. These findings suggest
that the development of any particular group of cells is quite as
much dependent upon the inter-relationships between cells as upon
the chromosomal constituents of the cells themselves.
Into the second group fall the data dealing with the influence of
purely chemical substances whose action is described in the neuro-
tropisms of Cajal' '7 and others. Stressed here is the possibility that
parts of the living organism liberate chemicals which in some way
seem to attract growing nerve fibers.
A third group of findings, notably those of Harrison"1' 12 and,
more recently, those of Weiss19 emphasize the importance of
mechanical factors resident in the substratum of the organism as
determinants of neural patterns.
Finally, numerous investigators have suggested the importance
of bio-electric factors. These range all the way from neuro-biotaxis
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of Kappers"4 to the galvanotropism of Ingvar."3 With the above
should also be included those qualitative factors which have been
loosely termed "field factors." These latter result from the
pioneer work of the earlier experimental embryologists, notably
Driesch, and they include the mito-genetic fields of Gurwitsch, the
embryonic fields of Spemann, the biological fields of Weiss and, to
a limited extent, the physiological gradient of Child.
A little reflection upon the above data points to the inevitable
conclusion that the organization of the nervous system is but one
aspect of the more fundamental problem of the source of patterns
in all organisms. In all probability, if the determinants of neural
pattern could be found, significant data dealing with general bio-
logical organization would be at hand. Furthermore, consideration
of all the facts available discloses many inconsistencies and conflicts.
If it be assumed that chemical factors are important, it is still neces-
sary to know how a particular chemical substance appeared at a
specific point, at a given time, and in such a form as to influence
the growth and differentiation of neurones. If stereotropism or the
orientation of colloidal micellae is responsible, it is still necessary to
know what establishes the nature of the substratum. If bio-electric
properties are significant, it is equally necessary to know whence
these attributes come and what establishes the distribution of elec-
trical polarities and potential differences. Fortunately, the litera-
ture presents a number of observations which point the direction in
which profitable investigations might well proceed.
In 1903, A. P. Mathews, after studying electrical polarities in
Hydroids, presented the following far-reaching generalization:
"Every excess of action, every change in physical state of the proto-
plasm of any organ, or any area in the embryo or in the egg, pro-
duces, it is believed, an electrical disturbance." And again: "These
currents probably play a larger part in the determination of rates
of growth in the orientation or polarization of the cells, and the
differentiation of the organisms, in its polarity, in other words, than
has been supposed." (p. 297).
In 1917, Kappers elaborated the theory of neuro-biotaxis. This
rested on the fundamental assumption that the growth and orienta-
tion of nerve fibers were conditioned by environmental factors which
were probably of galvanic or electrical nature.
In 1920, Ingvar published a brief abstract in which evidence was
established that growing nerve fibers in a tissue culture reacted to a
galvanic current.
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In 1921, Child gave extensive consideration to the possible
relationships between bio-electric polarization and the physiological
gradients which he and his associates had described.
In the same year, Lund began an extensive series of studies of
the relationship between organic polarity and electric currents which
has provided impressive evidence of correlation between bio-electric
phenomena and growth and regeneration.
It was considerations such as these which led Burr in 1932 to
re-examine the whole problem and to formulate a theory of bio-
logical organization in general and of the nervous system in par-
ticular, based upon the bio-electric properties of living things.
Briefly, this theory holds that the electrical potentials and polarities
found in association with living things take part in the formation of
a relatively steady state electro-dynamic field. It was proposed that
this field, although the outcome of the electrical activity of the
constituents of the organism, nevertheless exerts a directive and
determinative influence upon the pattern of organization. In order
to test the validity of the theory it was necessary to put to Nature
four questions:
1. Are potential differences to be found in living things?
2. Can potential' differences be measured with certainty and accuracy?
3. When determined, are these differences chaotic or are they organized
into a definite pattern?
4. If a pattern is found, is it the mere by-product of physiological activity
or of organization? Or is it a determinant of the pattern of
organization?
The present paper is one of a series which seeks to solve these
problems. Using a new technic developed for the purpose, the data
here reported give evidence of the presence of a steady state electro-
dynamic field in the salamander. Thus, further support is given
for an affirmative answer to the first three of the above questions.
An answer to the last question can be had only if it becomes possible
to change the field of an embryo, thereby changing its development.
The Technic
The study of the bio-electric properties of the growing sala-
mander has been made possible through the development of an
adequate technic by Burr, Lane, and Nims. The instrumental
set-up consists of a vacuum tube microvoltmeter, silver-silver
chloride electrodes, and a galvanometer. The microvoltmeter is
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essentially a balanced bridge circuit with a high input impedance
and low output impedance. It is remarkably stable, independent
of external resistance as high as 5 megohms or better and, because
of the low output imped-
e?I800 ance, is quite free from
1600 FIGURE/ electrical pickup. With a
.1400 AUBLS O/A Leeds and Northrup Type
.1200 / R galvanometer, the maxi-
mum sensitivity of the de-
vice is approximately S
R 800 microvolts per millimeter. ,00 For all the measurements
i400 here reported, a sensitiv- Q 200 ity of 10 microvolts per
0 . millimeter is used. The
iE s0-o 3z 4O9 silver-silver chloride elec-
STAGE trodes used are of the
standard type located,
however, in an especially designed chamber in which disturbance of
the salt solution is kept at a minimum and in which temperature
difference between the two electrodes is reduced to zero.
Since the embryos
woo PICURIC(2 are aquatic, the meas-
low .4AM 'SrOA urements must be
3 bo SD made in an aquatic en-
RANGE * i
5 vironment. Inasmuch T as the older stages are
600 / 4 motile, chloretone was
soo / 3000 o added to the environ-
5o 400 c ment as a mild anes-
300 20 thetic. Connectionbe-
200 tween the electrode
100 . chambers and the em-
0n - bryo is made through
glass and rubber tub-
STAGE ing filled, as are the
chambers, with 0.7 per
cent salt solution. The tubing ends in glass micro-pipettes held in
the damps of a micro-manipulator. The embryo is placed in a
watch-glass filled with tap-water containing a small but variable
per cent of sodium chloride. The concentration of sodium chloride
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seems to be unimportant. So long as enough chlorine ions are
present, reproducible readings can be made. The watch-glass con-
taining the embryo rests on the converted microscope stage which
can be raised and lowered by means of a rack and pinion. Thus it
is possible to bring the embryo up to the electrodes or to withdraw
it from them without refocussing the binocular microscope used
in placing the micro-
pipettes. The scale of
the galvanometer is J
calibrated so that po-
tential differences-may e7 IGURPC 3
be read directly in A° LYSMoA
microvolts. 500 March . 1936
Five determinations R400
were made on each 300/
embryo between the 6 200
most cephalic point in 8
the midline on the
1 . .
head and the dorsum i 0
Of the tail near its So 1.75 1.5 L25 LOO 0.75 0.50 0.25 0
root. After reversing DISTANCE FROM EMBRYO (In rillimtets)
the long axis of the
embryo, a second five determinations were made, thus comnpleting
the measurement of each embryo in ten readings.
Results
The embryos studied were distributed by age as follows:
Stage Number
0-20 .................................................... 20
20-30 .................................................... 40
30-40 .................................................... 65
40-50 .................................................... 65
Total .190
The average cephalo-caudad electrical potentials of the four
embryo groups are given in Table 1. Standard deviations and
ranges indicate the degree of variability. The reliabilities of the
differences between the magnitudes of electrical potential of the
groups are shown in Table 2.
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TABLE I
MAGNITUDES OF CEPHALO-CAUDAD ELECTRICAL POTENTIAL (IN MICROVOLTS) FOR
EMBRYOS AT VARIOUS STAGES
Stage
0-20 20-30 30-40 40-50
Mean ....................... 23.3 5.7 285.6 1670.2
S.D.dist. ............ ........... 76.32 55.28 202.87 969.11
Range ......... .............. 327 262 1050 5990
TABLE 2
RELIABILITIES OF OBTAINED DIFFERENCES BETWEEN MEAN ELECTRICAL POTENTIALS
OF VARIOUS EMBRYO GROUPS
Difference Difference
Groupscompared (inmicrovolts) P.E-diff. P.E-diff.
0-20 with 20-30 .................... 17.6 12.93 1.36
0-20 with 30-40 .................... 262.3 20.50 12.79
20-30 with 30-40 .................... 279.9 17.96 15.58
30-40 with 40-50 .................... 1384.6 82.84 16.71
0-20 with 40-50 .................... 1646.9 81.88 20.11
20-30 with 40-50 .................... 1664.5 81.29 20.48
Figure I presents the data graphically, giving the mean elec-
trical potentials of the embryos at various stages of development.
No reliable change in the size of the potential differences is obtained
until stage 30. Until this stage the magnitudes of potential are
extremely small. After stage 30, the increase in potential with age
is pronounced and reliable. The curve as a whole is positively
accelerated, fitting a logarithmic function quite closely.
The striking regularity with which the measures of variability
parallel the averages can be seen by comparison of Figures 1 and 2.
In the latter figure the standard deviations and the ranges of the
various embryo populations have been plotted. These results, sim-
ilar to those obtained in an earlier investigation,2 confirm the find-
ings of Crozier and Hoagland' in indicating the regularity and law-
fulness of variability.
An approach gradient, showing the magnitude of potential
measured at various distances from the embryo, is plotted in
Figure 3. The form of the curve is closely similar to those obtained
upon chick embryos.
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Discussion
A number of important considerations arise in connection with
the above data. It is to be noted first of all that these measure-
ments are made in an aquatic environment. The fact that it is
possible to obtain reliable bio-electric determinations under these
conditions indicates clearly that the embryo possesses an electro-
dynamic field. The nature of the measuring device precludes the
appearance of the uncontrolled variables of current and resistance.
Only potential differences are being measured between two points
in an electric field. Moreover, the approach gradient indicating
that the field forces can be intersected outside of the embryo gives
added weight to the belief that a field is present. Discussion of this
problem has been presented in previous papers.2 17
It is perhaps surprising that constant potential differences were
not obtainable in the very early stages of development. This does
not mean that potential differences could not be found but rather
that small local differences seem to exceed any total over-all poten-
tial. For example, in the four-cell stage, a single cell showed a
potential difference of 160 microvolts along its greatest diameter.
Again, in the morula stage consistent differences of several hundred
microvolts were found between the animal and vegetable poles.
In like manner the dorsal lip of the blastopore was negative to the
animal pole by several hundred microvolts.
Finally, potential differences were found along the neural plate
in all the stages of its development. However, since the number
of determinations covering these early stages was relatively small,
final description of them must await further study. It seems
reasonably clear, however, that the early stages in the development
of the salamander should prove a fruitful field for investigators.
A few preliminary measurements would seem to indicate, the
very great probability that the qualitative polarity of specific organs
as described by the experimental embryologists for the ear, the limb,
and for the lateral line, is fundamentally an electric polarity which
may be measured accurately. It is, of course, necessary to know
the normal distributions of these potential differences. Once deter-
mined, the technic of the experimental embryologist may be used to
alter the normal relationships of the embryo so that the effect of
such alteration upon the bio-electric properties may be adequately
studied.
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The source of the bio-electric potentials above described is still
unknown, and its determination will come only as a result of a long
and arduous analysis. A first step in this direction is to determine
what changes the potential differences. Evidence from the studies
of other organisms (Burr, Hill and Allen,' Burr and Musselman,4
Burr and Hovland,2 Burr, Smith, and Strong5) indicate that such
fundamental processes as ovulation, menstruation, the development
of the embryo, and the appearance of cancer do produce profound
alterations in the electric pattern. An obvious additional factor
might be the hydrogen-ion concentration. Marked shifts in the pH
of an embryo could perhaps alter the electrical picture very signifi-
cantly. While not at all conclusive, a series of tests were run with
salamander embryos of Harrison stage 39 in aquatic environment,
in which the pH varied from 4.7 to 6.3 and 7.8. The solutions
were citric acid phosphate buffer solutions prepared by Dr. L. F.
Nims. Determinations made over a period of 48 hours showed no
significant effect of the several pH environments upon the potential
differences. Normally living in an environment whose pH is
approximately 5, all the embryos in pH 7.8, and half of those in
pH 6.3 were dead after 60 hours had elapsed. Until further data
are collected, it seems unlikely that shifts in pH alter to any signifi-
cant degree the head-tail bio-electric gradient.
It seems clear, therefore, that potential differences in the living
organism develop with the growth of the embryo and respond to
fundamental physiological processes but do not change with chang-
ing hydrogen-ion concentration.
Conclusion
Thedata here presented offer additional evidence of the presence
in a living organism of a relatively steady-state electro-dynamic
field. Potential differences present in the embryo before the dif-
ferentiation of any organic system increase continually during the
establishment of all such systems. Present before, continuing
through, and persisting after local physiological processes, the field
develops, showing a direct correlation with the growth of the
embryo.
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